N-body simulations make unambiguous predictions for the abundance of substructure within dark matter halos. For example, in the case of ΛCDM, they predict a mass function of subhalos that extends to very low masses, whereas in warm dark matter models they predict a truncation in the mass function at a mass that depends on the properties of the warm dark matter particle. These differences suggest a powerful test of the nature of the dark matter. However, the inclusion of baryons in the simulations changes the picture because processes associated with the presence of a large galaxy in the halo can destroy subhalos and substantially alter the mass function. We compare the outcome of this process in two state-of-the-art sets of hydrodynamical ΛCDM simulations of Milky Way mass halos, APOSTLE and AU-RIGA. We introduce a new method for tracking the orbits of subhalos between simulation snapshots that gives accurate results down to a few kiloparsecs from the centre of the halo. Relative to a dark matter-only simulation, the abundance of subhalos in APOSTLE is reduced by 50% near the centre and by 10% within r 200 . In AURIGA the corresponding numbers are 80% and 40%. The velocity distributions of subhalos are also affected by the presence of the galaxy, much more so in AURIGA than in APOSTLE . The differences on subhalo properties in the two simulations can be traced back to the mass of the central galaxies in AURIGA , which are typically twice as massive as those in APOSTLE . We show that some of the results from previous studies are inaccurate due systematic errors in modelling of subhalo orbits near the centre of halos.
INTRODUCTION
In the Λ-cold dark matter (ΛCDM) model of cosmology, the formation of cosmic structure proceeds by the merging of smaller structures to form larger ones (Peebles 1980; Davis et al. 1985) . Whilst the merging process is incomplete, substructures can survive within the dark matter halo of a galaxy or cluster (Ghigna et al. 1998 ). In galaxies like the Milky Way, many more such substructures survive than there are visible satellites (Moore et al. 1999; Klypin et al. 1999) . This difference arises naturally from physical processes known to be important in galaxy formation; the reionization of hydrogen after the Big Bang and the expulsion of gas heated by supernovae (Bullock et al. 2000; Benson et al. 2002; Somerville 2002; Sawala et al. 2016; Macciò et al. 2010; Okamoto et al. 2008) . Similarly, an apparent absence of visible galaxies in the most massive subhalos that form in dark matter only simulations (Boylan-Kolchin et al. 2011 ) can be readily explained by gas expulsion from subhalos at early times .
Even though baryon effects are sufficient to account for the satellite data within the standard ΛCDM model, a number of alter- Contact e-mail: jack.richings@durham.ac.uk native models for the nature of the dark matter have been proposed to explain these so-called "missing satellites" and "too-big-to-fail" problems. (e.g Spergel & Steinhardt 2000; Colín et al. 2000; Petraki & Volkas 2013; Schewtschenko et al. 2015; Hui et al. 2017) . With a judicious choice of the additional parameters in these alternative models, e.g. the mass of a warm dark matter (WDM) particle, these properties of the satellite population of the Milky Way can also be reproduced (Lovell et al. 2012 (Lovell et al. , 2017 .
A key differentiator of the CDM and WDM models is the predicted number of small halos and subhalos. In CDM, the mass function of halos continues to rise at small masses (Diemand et al. 2007; Springel et al. 2008) , whereas in WDM, the halo mass function is truncated at a halo mass on the scale of dwarf galaxies (Lovell et al. 2012; Schneider et al. 2012; Hellwing et al. 2016; Bose et al. 2017) . A particularly interesting case is that of a 7 keV sterile neutrino WDM particle, which is motivated by the recent discovery of a 3.5 keV line in the X-ray spectra of galaxies and clusters (Bulbul et al. 2014; Boyarsky et al. 2014) . In such cosmologies the power spectrum of primordial fluctuations depends on the dark matter particle mass and an additional lepton asymmetry parameter. In the coldest sterile neutrino model compatible with the identification of the 3.5 keV line as resulting from particle decay, the mass function is suppressed by a factor of 5 relative to CDM at 10 8 M and is negligible at 10 7 M . Thus, detection of halos of mass 10 7 M would rule out this candidate particle and set a lower limit larger than 7 keV for the sterile neutrino mass. Conversely, a convincing non-detection of halos of mass below ∼ 10 8 M would rule out CDM (Li et al. 2016 ).
If they exist, the vast majority of these small halos will be dark, that is, devoid of baryonic matter. This baryonic deficit is the result of reionisation and supernova heating . These dark objects can be detected through their gravitational interactions with visible matter. A particularly promising test is the distortion of the images of giant arcs or Einstein rings produced by individual halos projected onto the arc or ring. This method has already yielded detection of a 1.9 ± 0.1 ×10 8 M dark satellite, and, with imaging data of similar quality, the detection sensitivity could reach 2×10 7 M (Vegetti et al. 2012) 1 Halos in this mass range are uncontaminated by baryonic matter, so the only uncertainty from galaxy formation physics arises from the interaction between subhalos and the central galaxy in their common host halo. Although the signal is dominated by field halos rather than subhalos (Li et al. 2017; Despali et al. 2018) , the latter make a non-negligible contribution to the lensing distortion. Quantifying these effects is necessary for making accurate predictions for the expected lensing signals.
The abundance of dark substructure in our own galaxy may be probed in other ways. Stellar streams, formed through the tidal disruption of globular clusters or dwarf galaxies, can be measurably perturbed by passing substructures (Carlberg et al. 2012) . Surveys such as GAIA (Perryman et al. 2001; Gilmore et al. 2012) , DES (The Dark Energy Survey Collaboration 2005), and LSST (LSST Science Collaboration et al. 2009 ) have the potential to determine the mass function of substructures in the Milky Way down to a scale of 10 7 M (Erkal & Belokurov 2015b,a) . Such methods were explored in Erkal et al. (2016) . The results are affected by a number of uncertainties, as the simulations used did not incorporate baryonic physics, and a particular velocity distribution of subhalos was assumed to break the degeneracy in the method between peturber mass and velocity.
The role played by the central galaxy in the destruction of substructure has been studied using N-body simulations that incorporate an analytic disk potential (D'Onghia et al. 2010; Yurin & Springel 2015) , as well as hydrodynamic simulations (Garrison-Kimmel et al. 2017; Sawala et al. 2017) . The specific implementation of baryonic physics is important: the choice of subgrid model, physical parameters and method for solving the hydrodynamic equations all individually affect the abundance of substructure in simulations.
The effect of the hydrodynamics code on subhalo abundance has been investigated by Despali & Vegetti (2017) using the EAGLE and ILLUSTRIS 100 3 Mpc 3 simulations (Schaye et al. 2015; Vogelsberger et al. 2014 ). Both simulations have relatively poor mass resolution (approximately 10 7 M ) so this study was restricted to massive substructures rather than the small ones that are important for distinguishing CDM from WDM. Furthermore, these simulations have a relatively small number of outputs so the orbits of subhalos cannot be tracked and, as a result, the destruction of subhalos in the innermost regions of galaxies, where processes such as disk shocking are important, is poorly sampled.
With mass resolution of approximately 10 4 M , the simulations that we analyze in this paper have 100 times better resolution than the simulations studied by Despali & Vegetti (2017) . Our simulations resolve the small-mass halos (mass ∼ 10 7 M ) required to distinguish CDM from WDM. To investigate the dependence of the surviving subhalo abundance on the choice of hydrodynamics implementation, we compare the APOSTLE ) and AURIGA (Grand et al. 2016 ) CDM simulations. We integrate the orbits of subhalos to obtain precise estimates of subhalo abundance close to the centre of the halo. This is the first direct comparison of hydrodynamics schemes at such a high level of resolution, both spatially and temporally.
METHODS

Simulations
We use two suites of simulations to study the impact of baryons on galactic substructure. The first is a set of "zoom" simulations of Local Group-like volumes from the APOSTLE project (Fattahi et al. 2016; Sawala et al. 2016) . Each volume contains a pair of halos, each of mass ∼ 10 12 M , corresponding to the Milky Way and Andromeda. We study the same two volumes considered in Sawala et al. (2017) , giving a total of four high-resolution halos. The second suite of simulations, taken from the AURIGA project (Grand et al. 2016) , is a set of zoom simulations of individual Milky-Way sized galaxies, selected from the EAGLE 100 3 Mpc 3 simulation (L0100N1504) (Schaye et al. 2015) . There are six high-resolution halos in the AURIGA sample. For each simulation we have both a dark matter only (DMO) version and a version including baryonic physics relevant to galaxy formation (gas cooling, star formation, chemical enrichment, black hole formation, feedback from stellar evolution, AGN, etc.) The APOSTLE simulations were performed with a variant of the EAGLE code (Schaye et al. 2015; Fattahi et al. 2016; Sawala et al. 2016) , which is based on Gadget3, while the AURIGA simulations were performed with a variant of the Arepo code (Springel 2011; Grand et al. 2016 ) used for the ILLUSTRIS simulation (Vogelsberger et al. 2014) . The parameters of the subgrid models in EAGLE and ILLUSTRIS are calibrated somewhat differently. In EAGLE, they are chosen so as to reproduce the z = 0 galaxy stellar mass function and size distribution, while in ILLUS-TRIS they are tuned to match the z = 0 ratio of galaxy stellar to dark matter mass and the cosmic star formation rate at all times. Key diagnostics of each halo, as well as key simulation parameters are listed in Table 1 . The halos in the APOSTLE and AURIGA simulations have broadly similar masses; however the central galaxies in AURIGA are significantly larger. Typically, an AURIGA galaxy is around twice as massive as an APOSTLE galaxy. The AURIGA galaxies are also more concentrated than the APOSTLE galaxies; despite being twice as massive, the half-stellar-mass radii of AURIGA galaxies are the same as or smaller than those of APOSTLE galaxies.
The vast majority of subhalos below 10 9 M are dark, either because they never contained gas, or because the gas was blown out by supernovae. Thus, the hydrodynamic realisation of a subhalo below this mass will be approximately 20% less massive than a DMO counterpart with the same number of particles. To account for this when comparing low-mass subhalos in DMO and hydrodynamic simulations Garrison-Kimmel et al. (2017) Table 1 . Properties of the halos used in this work at redshift z = 0. N sub is the number of resolved subhalos of any mass inside r 200 . M gal is the mass of all star particles belonging to the central subhalo in each group. m DM is the mass of the high-resolution dark matter particle used in the hydrodynamical simulations. The softening is the value appropriate to the high-resolution dark matter particle at redshift z = 0.
DMO subhalos by
This approximation does not account for the reduced growth of subhalos in the hydrodynamical version due to the loss of baryonic mass at early times. We calibrate our correction by directly matching subhalos between simulations using the bijective particle matching criterion given in Bose et al. (2017) . The 50 most bound particles in each subhalo are selected in the DMO simulation. If a subhalo in the hydrodynamical simulation contains at least half of those particles, it is said to be a one-way match. We perform the match in the other direction as well, and we define a true match as one where both one-way matches agree. Ideally, to remove the effects of the large central galaxy, we would only consider only field halos rather than subhalos, however the limited size of the high-resolution region in the AURIGA simulations prevents this. Instead, we form our sample by choosing subhalos between 200 and 400 kpc from the centre of the halo at the present day.
The effect of including baryon physics in the simulation of moderately isolated subhalos is shown in Fig. 1 . We use logarithmically spaced mass bins, with two bins per decade. The errorbar on each point shows the 68% scatter in each bin. Across the range of masses we consider, we find there is no significant evidence of mass-dependence for this effect. We find the average value of the reduction in subhalo mass by taking a weighted mean across the six bins, with the weight of each bin being inversely proportional to its scatter. For both the APOSTLE and AURIGA simulations we adopt the physical mass of a DMO subhalo to be 76% of the mass assigned to the subhalo by the SUBFIND algorithm (Springel et al. 2001) .
All quantities in this paper are averaged over a 5 Gyr period to give an expected probability density over this time interval. When computing averages over multiple halos, we normalise all positions and masses to the virial radius, r200, and mass, M200, of the halo. The virial mass, r200, is defined as the radius within which the mean density of the halo is 200 times the critical density of the universe, and the virial mass, M200, is the total mass enclosed inside that radius. 
Orbits
In the simulations we consider, the time between snapshots (for APOSTLE this is around 300 Myr), is greater than the crossing time for the central 20-30 kpc of the halo. The infrequency of snapshots means the subhalo abundance in the central halo regions is poorly sampled. To make precise theoretical prediction for the abundance of substructure in the centre of the halo, previous works (Sawala et al. 2017; Garrison-Kimmel et al. 2017 ) inferred the positions of subhalos between snapshots using a cubic spline. Specifically, a cubic piecewise polynomial was fit to the physical positions of subhalos in cartesian coordinates as a function of time, with the con-dition that the result be twice continuously differentiable, except at the boundaries, where the first derivative is equal to the linear interpolant slope.
We find this method systematically underpredicts the orbital radii of subhalos at distances of less than 30 kpc from the centre of the halo, precisely the region where reconstructing subhalo orbits is most important for tests of the CDM model. Orbital radii are often underpredicted by a factor of two or more, especially if pericentre occurs at at time halfway between two snapshots. Instead we track the positions and velocities of subhalos between snapshots by integrating their orbits in the potential of the halo, which we assume to be static over this period. We model the potential and integrate the orbits using the publicly available codes GALPY and PYNBODY (Bovy 2015; Pontzen et al. 2013 ). This method accurately reproduces the orbits of subhalos around the host halo, even in cases where the cubic spline method is most prone to failure. By integrating the orbits of subhalos we can accurately estimate subhalo abundances at galactic distances of less than 10 kpc.
To accurately predict the position of a subhalo in the future, choosing the correct frame of reference is paramount. Following the prescription of Lowing et al. (2011) we take the coordinate origin of the halo to be the position of the most bound particle, and the velocity of the halo (which is to be subtracted from the velocity of the subhalo being integrated) to be the mean velocity of all particles within 5% of r200. We define this frame for each snapshot. All calculations are performed in physical coordinates.
We match subhalos between snapshots using a merger tree.
To determine the position and velocity of a subhalo between snapshots 1 and 2, in the time interval t1 < t < t2, we (i) Construct an intermediate snapshot by summing the mass distributions of snapshots 1 and 2, halving the mass of each particle.
(ii) Interpolate the mass distribution of the intermediate snapshot on a 2-dimensional R − z grid 2 , with a maximum extent of twice the halo's virial radius in each direction. The z-axis of the grid is the taken to be the z-direction in simulation coordinates, and so is unrelated to the plane of the galaxy. The accuracy of the results in Fig. 2 show that this arbitrary choice of z-axis is unimportant as the mass distribution is close to spherical. We use a 2-dimensional grid as the required GALPY routines are written for axisymmetric potentials.
(iii) Taking the subhalo at snapshot 1 to be a point mass, integrate its orbit forwards in time in the intermediate potential using a fourth-order symplectic integrator.
(iv) Integrate the orbit of the subhalo at snapshot 2 backwards in time in the intermediate potential.
(v) The orbit of the subhalo is found by taking a weighted sum of the forwards and backwards orbits. The position, p of a subhalo at a time t in the interval t1 < t < t2 is given by
where p f and p b are the positions of the subhalos being integrated forward and backward in time at time t respectively.
(vi) The position and velocity of each subhalo is output every 3 Myr.
2 R is the projected two dimensional radius, and z if the vertical distance. To assess the accuracy of the orbit integration method we perform the following experiment. We select a pair of snapshots from the AURIGA simulation which are non-adjacent in time (snapshots 99 and 101, corresponding to a redshift of approximately z = 0.4). The time between these snapshots is approximately the same as the time between adjacent APOSTLE snapshots. Using our method, we calculate the positions of all subhalos at the time of the snapshot 100, which we can check directly against the positions at the intermediate snapshot. The results of this test are shown in Fig. 2 . Orbit integration accurately predicts the positions of subhalos between snapshots, and is therefore an effective tool for studying the dynamics of substructure close to the centre of the halo.
Comparison to cubic spline
To demonstrate the inaccuracies introduced by cubic spline interpolation, we use the AQUARIUS simulations. The AQUARIUS project is a set of DMO zoom-in simulations of 10 12 M dark matter halos (Springel et al. 2008 ). Specifically, we use the Aq-A4 simulation, which has 258 snapshots between z = 0.5 and the present day (approximately 5 Gyr) and a high-resolution particle mass of 3.9×10 5 M . This level of time resolution is approximately sixteen times better than the APOSTLE simulations. We select a subset of snapshots from this simulation, with spacings between sample snapshots roughly the same as the spacings used in the APOSTLE simulations. We can compare the orbit calculated using a cubic spline on the subset of snapshots to the orbit measured in the snapshots not used to fit the cubic splines. Fig. 3 demonstrates how the cubic spline underestimates the orbital radius of a subhalo near pericentre. This underestimation occurs at pericentre as this is when the acceleration experienced by the subhalo is varying most rapidly. The cubic spline, which assumes the acceleration of the subhalo is lin- 
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Orbit Integration Cubic Spline True Sample Figure 3 . The distance of a subhalo from the halo centre of potential over several orbital periods. Black circles show the distance measured at each snapshot. Black squares show the distance at snapshots used for orbit integration and fitting cubic splines. The pink line shows the orbit calculated using the orbit integration method described above. The green line shows the orbit inferred using the cubic spline method used in Sawala et al. (2017). ear in time between snapshots, is unable to account for the rapidly varying acceleration caused by the steep gradient of the potential at the centre of the halo. In Fig. 4 we show a two-dimensional projection of the orbit over seven snapshots. The positions plotted for the cubic spline are calculated at the exact time of the AQUARIUS snapshots, so any deviations are due solely to the choice of method. In contrast, integrating the orbits of subhalos consistently reproduces the radius and time of pericentre with a high degree of accuracy. The orbit of the subhalo is determined by the shape of the potential and the subhalos present position and velocity. Integrating the orbits of subhalos ensures that the relevant physics is included, leading to accurate predictions for the positions and velocities of subhalos between snapshots. The cubic spline method has no physical basis, leading orbits orbits which clearly do not conserve angular momentum.
To quantify the error of the cubic spline on calculations of subhalo radial distributions, we calculate the time averaged cumulative radial distribution of subhalos over a 5 Gyr period. using the positions in the AQUARIUS snapshots and the positions calculated using a cubic spline. Fig. 5 shows that the tendency of the cubic spline to underestimate the orbital radius of a subhalo leads to a large overprediction of subhalo abundance at radii less than 20 kpc (around 10% of r200). At distances of less than 5 kpc from the halo centre, the cubic spline method predicts a significant chance of observing substructure despite no object having ever passed so close to the halo centre. Figure 4 . A two dimensional projection of a portion of the subhalo orbit shown in Fig. 3 . The portion of the orbit is chosen from the middle of the whole orbit shown in Fig. 3 to prevent any undue influence of edge effects in the cubic spline interpolation. Black circles show the position of the subhalo at each snapshot, and black squares show the position of the subhalo at snapshots used to calculate the pink (orbit integration) and green (cubic spline) lines. Stars show the position of pericentre of the orbit. The black star is almost exactly on top of the pink star. Table 2 . Power-law slopes for subhalo mass functions for subhalos with masses between 10 −5.5 − 10 −3.5 ×M 200 in DMO and hydrodynamical simulations, in four spherical shells. The width of the spherical shell (top row) is given as a fraction of the halo's virial radius.
ABUNDANCE OF SUBSTRUCTURE IN HYDRODYNAMICAL SIMULATIONS
The central galaxies which form in the AURIGA simulations are significantly more massive than those that form in the APOSTLE simulations, despite both suites of simulations having broadly similar halo masses. We show in this section that the mass of the galaxy has a marked effect on subhalo abundance, even at distances well beyond the edge of the galaxy. In Fig. 6 we compare the radial distribution of subhalos in the APOSTLE and AURIGA simulations. The effect of the larger galaxy is to reduce the abundance of subhalos at all radii in the AURIGA simulations. We find that the effect has a strong radial dependence, whilst being broadly independent of mass for subhalos in the range 10 6.5 − 10 8.5 M , in agreement with the conclusions of Sawala et al. (2017) . The reduction in subhalo abundance as a function of radius is shown in Fig. 7 . Tests of the CDM paradigm are sensitive to substructure within 20 kpc of the centre of the halo (or equivalently 10% r200 for a Milky Waysized halo). At these radii, the presence of the galaxy reduces substructure abundance by 50% in the APOSTLE simulations and 80% in the AURIGA simulations. The APOSTLE simulations predict over twice as many low-mass substructures as the AURIGA simulations. We note that the abundance of substructure in the AURIGA simulations is reduced by 40% at the virial radius. This effect is also present in the APOSTLE simulations but is significantly weaker, with subhalo abundance reduced by 10-20% at r200. A proportion of the substructure at this distance will be only highly radial orbits. Sawala et al. (2017) showed that it is these structures which experience greater disruption from the galaxy at the centre of the halo.
In Fig. 8 we show the cumulative subhalo mass function in four spherical shells for the DMO and hydrodynamic versions of the APOSTLE and AURIGA simulations. Power-law fits to the differential mass functions have slopes between -1.8, and -1.9 in the two outermost shells, consistent with both the findings of both Springel et al. (2008) and Sawala et al. (2017) . At distances of less than 20 kpc from the halo centre (top panels) we find that the slopes of the AURIGA hydrodynamic mass functions are significantly shallower than the corresponding APOSTLE slopes. In the innermost radial bin the AURIGA hydrodynamic slope is found to be -1.4, whereas the APOSTLE slope is found to be -1.7. Values for all power-law fits are listed in Table 3 .
SUBHALO VELOCITIES
An accurate estimate of the velocity distribution of low mass substructures is a critical component of the method to detect substructures using gaps in cold stellar streams. In this section we show how the way in which baryonic physics is implemented in a simulation can affect the velocity distribution of low-mass substructures. All velocities in this section are quoted relative to the 0-0.05 0.05-0.1 0. Table 3 . Fit values, (ν, σ) for median values of the velocity distributions shown in Fig. 9 . Each column indicates a different radial bin, the width of the shell is given as a fraction of the halo's virial radius. v200 = GM200/R200, the value of the host halo's rotation curve at r200. For a Milky-way sized galaxy a typical value is around 140 km/s. To obtain a more robust estimate of the velocity distributions, we employ kernel-density estimation (Rosenblatt 1956; Parzen 1962) , using a Gaussian kernel. We show the distribution of speeds of subhalos varies as a function of radius in Fig. 9 . The impact of the AURIGA simulation's larger central galaxies is clear. The depth of the potential well is increased, leading to a greater radial acceleration as subhalos fall inwards. This effect is also present in the APOSTLE simulations, however it is weaker, in line with the smaller mass of the central galaxy. We note that no such effect was observed in Sawala et al. (2017) , likely as result of their interpolation scheme. We find that the distribution of subhalo speeds is generally well fit by a Rician distribution, in agreement with Sawala et al. (2017) . The Rician distribution is a two-parameter model given by
where I0 is the modified Bessel function of the first kind with order zero. The ν parameter controls the location of the peak, with a value of 0 being equivalent to a Maxwellian distribution. The σ parameter controls the width of the distribution. The parameters of the fits are given in Table 4 . We also show the distribution of subhalo radial velocities in the same radial bins. Sawala et al. (2017) found that close to the halo centre, the distribution of subhalo radial velocities was well described by a double Gaussian. There is no consideration for the conservation of energy or angular momentum in the cubic spline method. This leads to subhalos which pass by the centre maintaining a high radial velocity. Consequently, the dearth of low-radial velocity orbits reported in Sawala et al. (2017) is an artifact of their orbit reconstruction method. This explains why the velocity distributions in the top left panel of Fig. 10 do not show such a pronounced dip around v rad = 0. We can see that the deeper potential well present in hydrodynamical simulations leads to a broadening of the velocity distribution, with the effect being most pronounced in the AURIGA simulations at small radii. This effect is a combination of greater radial acceleration and the preferential disruption of objects on more circular orbits near the centre of the halo. We also note that the distributions are remarkably symmetric, even in the outermost spherical shell. This shows that the subhalo abundance at all radii is delicately balanced between inflow and outflow.
CONCLUSIONS
We have studied how the treatment of baryonic physics in cosmological hydrodynamics simulation affects the abundance and velocity distribution of low-mass substructures (approximately 10 6.5 − 10 8.5 M ). Using the APOSTLE and AURIGA simulations over a lookback period of 5 Gyr. We find that the abundance of substructures is strongly affected by the way in which baryon processes are treated within galactic halos. At 10% of r200, the abundance of low-mass substructures is reduced by around 50% and 80% in the APOSTLE and AURIGA simulations respectively. We also find that the baryon physics treatment changes the slope of the subhalo mass function and width and and peak location of the velocity distributions. All these changes can be explained by the size of the galaxy which forms at the centre of the halo. A deeper potential causes enhanced stripping and disruption of substructure. The deeper potential also causes subhalos to accelerate more as they move toward the centre of the halo, leading to observed increase in width of the radial velocity distributions. We also find that the peak of the distribution of subhalo speeds is shifted to significantly higher speeds, with the greatest changes occurring near the centre of the AURIGA simulations.
We find that the abundance of subhalos in the AURIGA simulations is reduced relative the the DMO simulation even outside the virial radius of the halo. This happens because many of the objects which spend the majority of the orbit far from the central galaxy have highly radial orbits.
To study the orbits of subhalos near the centre of the host halo, we have developed a method of orbit integration which accurately reproduces the orbits of subhalos between snapshots. When compared to the less accurate cubic spline method used in Sawala et al. (2017) and Garrison-Kimmel et al. (2017) , our method predicts less substructure at small distances from the halo centre. We also do not observe the velocity biases described by Sawala et al. (2017) . However, we find that the conclusion that objects on radial orbits are more likely to undergo disruption by central galaxy presented in Sawala et al. (2017) still hold. We conclude by remarking that the current estimate for the number of subhalos predicted in hydrodynamic simulations of CDM halos remains uncertain by a factor of two. Similarly, the halo-to-halo variation in velocity distributions is smaller than the differences caused by the changing the implementation of baryonic physics. It is clear that realistic simulations of the central galaxy are crucial for probing dark structure in our galaxy. 
